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[0001] This invention relates generally to biosensor materials. More specifically, this invention relates to a novel 
polymeric material that is useful as an outer biocompatible membrane for use in biosensor applications 
[0002] Biosensors are devices that use biological materials (cells, enzymes, tissues etc.) to convert a chemical con- 
centration in a matrix into a detectable signal (electrical, acoustic, optical, thermal etc.). There are many types of 
b.osensors used for a wide variety of analytes. Electroenzymatic biosensors which use enzymes to convert a concen- 
tration to an electrical signal have been the most studied types of biosensors. For a review of some of the operating 
principles of biosensors, see P. Bergveld, and D. Thevenot, Advances in Biosensors. Supplement 1, p 31-94 A RF 
Turner, editor. : : ' 

[0003] US-A-5 239 036 discloses a waterproof polyurethane membrane designed primarily for use in makinq water- 
proof clothing. . 

[0004] US-A-5 21 4 1 1 9 discloses a blockcopolymer in the form of a polyurethane with silicone linkages 
[0005] The prototype biosensor is the amperometric glucose sensor. There are several reasons for the wide ranqinq 
interest in glucose sensors. The scientific interest is driven by the availability of a very robust enzyme glucose oxidase 
which is used to monitor glucose, as well as the desire to develop model sensors for a wide variety of analytes The 
commercial interest is driven by the need for glucose monitoring of patients with diabetes meliitus as well as the de- 
velopment of sensors that can be used to monitor fermentation reactions in the biotechnology arena. A working glucose 
sensor is also the most difficult component in development of a closed loop artificial pancreas with an implanted insulin 
pump. 

[0006] Any amperometric glucose sensor or any oxido-reductase enzyme that uses 0 2 as a co-substrate that is 
designed for subcutaneous or intravenous use requires an outer membrane and an anti-interference membrane be- 
cause of the fundamental nature of the sensor and the environment in which the measurement is made. 
[0007] A glucose sensor works according to the following chemical reaction (Equation 1 ): 
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[0008] In this reaction, glucose reacts with oxygen in the presence of glucose oxidase (GOX) to form gluconolactone 
and hydrogen peroxide. The gluconolactone reacts with water to open the lactone ring and produce produce gluconic 
acid. The H 2 0 2 reacts electrochemically as shown below (Equation 2): 



H 2 0 2 -> 0 2 + 2e~ + 2H 
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[0009] The current measured by the sensor/potentiostat (+0.5 to +0.7 V oxidation at Pt black electrode) is due to the 
two electrons generated by the oxidation of the hfeQz. Alternatively, one can measure the decrease in the oxygen by 
amperometric measurement (-0.5 to -1 V reduction at Pt black electrode). 

[0010] The stoichiometry of Equation 1 clearly demonstrates some of the problems with an implantable glucose 
sensor. If there is excess oxygen for Equation 1 , then the H;,0 2 is stoichiometrically related to the amount of glucose 
that reacts at the enzyme. In this case, the ultimate current is also proportional to the amount of glucose that reacts 
with the enzyme. If there is insufficient oxygen for all of the glucose to react with the enzyme, then the current will be 
proportional to the oxygen concentration, not the glucose concentration. For the sensor to be a true glucose sensor 
glucose must be the limiting reagent, i.e. the 0 2 concentration must be in excess for all potential glucose concentrations' 
This means that a way must be devised to either increase the 0 2 in the GOX membrane, decrease the glucose con- 
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cenlration, or devise a sensor that does not use 0 2 . 

[0011] The basic problem in the use of a biosensor in the body is that the ratio of glucose to O, is opposite to what 
is desired for optimal operation of the biosensor. The glucose concentration in the body of a diabetic patient can vary 
« To 2 ,0 . f °, !"!? (millimoles P er liter or 36 10 540 ™m, whereas the typical oxygen concentration in the tissue is 0 02 

I 0 *™ ' A - Hidd6, H - VOn W oec * ke ' K - Rebrin - ™ 6 R Abel - Biomed. Biochim. Acta. . 1 989, Vol. 48, pp 

965-971. This ratio in the body means that the sensor would be running in the Michaelis Menten limited regime and 
would be very insensitive to small changes in the glucose concentration. This problem has been called the •oxyoen 
deficit problem". /a 

[0012] Several approaches to solving the deficit problem have been attempted in the past: The simplest approach 
is to make a membrane that is fully O z permeable, with no glucose permeability and mechanically perforate it with a 
small hole that allows glucose to pass. Here the differential permeability is defined by the ratio of the small hole area 
to Ihe total membrane area. Two significant problems with this method are first that reproducibly making small holes 
is difficult and second and more serious, the permeability is a strong function of the thickness of the membrane and 
thickness is difficult to control in mass production. Microporous membranes (U.S. Patent No. 4.759,828 to Young et 
« al.) have also been tried with limited success. Another problem with both the hole in the membrane approach and the 

enzyme layer are exposed to body fluids. Body 
fluids contain proteins that coat the electrodes leading to decreased sensitivity of the sensor and enzymes (proteases) 
that can digest or degrade the sensor active enzyme. ' 
[0013] One approach to the oxygen deficit problem is described by Gough^S. Patent No. 4,484,987). The approach 

20 uses a combination membrane with discrete domains of a hydrophilic material embedded in a hydrophobic membrane 
In this case, the membrane is not homogenous and manufacturing reproducibility is difficult. Physical properties of the 
membrane are also compromised. In a similar manner, Gough (U.S. Patent No. 4,890.620) describes a "two dimen- 
sional system where glucose diffusion is limited to one dimension while the oxygen diffusion is from both dimensions 
This sensor is extremely complicated and manufacturing on a large scale is expected to be difficult 

25 [0014] Several other groups, G.W. Shaw. D.J. Claremont and J.C. Pickup, Biosensors and Bioelec tronics. 1991 Vol 
6, pp. 401-406; D S. Bihdra. Y. Zhang, G,S. Wilson, R. Sternberg, D.R. Thevenot, D. Moatti and G. Reach. Analytical 
Chemtstry , 1991, Vol. 63. p. 1692; and M. Shichiri, Y. Yamasaki. K. Nao, M. Sekiya and N. Ueda. Horm. Metabjiis~ 
Su PP'- * er ' 1 988 - VoL 20 - P- 1 7 - have used a homogenous membrane of a relatively hydrophobic polyurelhane and 
reported good results. In classical diffusion experiments with these membranes, however, the glucose diffusion is 

30 extremely small. It is believed that the ability of these polyurethane layers to allow glucose diffusion is due to micro 
cracks or micro holes in these materials when applied as membranes. 

[0015] In order to circumvent the oxygen deficit problem with a homogenous membrane, Allen et al. developed two 
homogenous membranes with both hydrophilic and hydrophobic regions. In U.S. Patent No. 5,284,1 40, they describe 
an acryhc system and in U.S. Patent No. 5,322,063 they describe a polyurethane system. Both of the membranes have 
S hl1 ^ hydrophobic moieties in the molecule leading to limited control of oxygen and glucose permeabilities, 
[0016] The key to stable, high sensitivity enzyme biosensors is that the sensor output must be limited only by the 
analyte of .merest, not by any co-substrates or kinetically controlled parameters such as diffusion. In order to maximize 
the output current (equation 2) of the biosensor, oxygen diffusion should be as large as possible while maintaining 
oxygen excess at the reaction surface. Since the normal concentration of 0 2 in the subcutaneous tissue is quite low 
<o maximization of the O z diffusion coefficient is desirable. 

{0017] The membrane systems described in the literature as cited above attempt only to circumvent the oxygen 
de fict problem by reducing the amount of glucose diffusion to the working electrode of the biosensor. The magnitude 
of the signal rom a typical biosensor of the appropriate size for either subcutaneous or Intravenous implantation is 
typically 1 to 1 0 nA at physiological glucose and 0 2 concentrations. This level of current requires sophisticated elec- 
tronics for measurement. Increasing the oxygen transport and concomitant glucose transport will increase the signal 
and (to a hm.ted extent) reduce the complexity of the controlling and recording electronics. It is obvious however tt,at 
a membrane that simultaneously increased the oxygen and limited the glucose would lead to both better performance 
and increased signal. 

[0018] Accordingly, there has been a need for a polymer useful in an outer polymeric membrane of a biosensor 
There is a need for the membrane to have physical stability and strength, adhesion to the substrate, processibility 
(ability to be synthesized/manufactured in reasonable quantities and at reasonable prices), biocompatibility ability to 
be cut by laser ablation (or some other large scale processing method), and compatibility with the enzyme as deposited 
on the sensor. The present invention fulfills these needs and provides other related advantages 
[ °°. 19 l I*"*' invent,on P™^ 5 a homogenous polymer composition which is permeable to glucose and water 
and which is usefu as a membrane for biosensors, comprising the reaction products of at least one diisocyanate at 
least one hydrophihc diol or diamine (and optionally at least one hydrophobic aliphatic diol or diamine), and at least 
one silicone material. 7 

[0020] The invention also provides an implantable biosensor for measuring the reaction of an analyte and oxygen, 
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comprising the composition of the invention. The hydrophilic diamine may comprise silicone. The composition may 
also contain at least one short chain aliphatic diamine and/or diol. This polymer composition is useful as an outer 
biocompatible membrane for use in biosensors. The membranes thus formed allow for increasing oxygen permeability 
and decreased analyte (e.g. glucose) permeability. They also possess the necessary properties for an outer polymeric 
5 membrane. / 

[0021] Possible amounts of the various reaction products are, for example 
about 50 more percent diisocyanate; 

5 to 45 more percent hydrophilic diol or diamine ; 
5 to 45 mole percent aliphatic diol or diamine; and 
M 5 to 40 mole percent silicone material. 

[0022] Other features and advantages of the present invention will become apparent from the following more detailed 
description taken in conjunction with the accompanying drawings which illustrate, by way of example, the principles of 
the invention. . 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The accompanying drawings illustrate the invention. In such drawings: 

FIGURE 1 shows the polymerization reaction of a diisocyanate and a diol to make a urethane linkage and the 
20 reaction of the diisocyanate and a diamine to make a urea linkage. 

FIGURE 2 shows exemplary diisocyanates used as a first component in a polymer composition of the present 
invention. 

FIGURE 3 shows exemplary silicones used as a second component in the polymer composition of the present 
invention. 

FIGURE 4 shows exemplary long chain hydrophilic diols and diamines used as a third component in the polymer 
composition of the present invention. 

30 

FIGURE 5 shows exemplary short chain aliphatic diols and diamines that may be used in the polymer composition 
of the present invention. 

FIGURE 6 shows an infrared spectrum of an exemplary polyurea composition of the present invention. 

35 

FIGURE 7A is a schematic top view of an exemplary glucose sensor having electrodes covered with an exemplary 
polymer of the present invention. 

FIGURE 7B is a sectional side view of a working electrode covered with layers of enzyme and the polymer com- 
40 position. 

FIGURE 8 is a graph showing sensor output in various glucose solutions as a measure of time. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



25 



50 



55 



[0024] In a preferred embodiment, the proposed membrane for the sensor incorporates two different types of bonds 
and components into a single polymer. The type of polymer is a polyurethane polyurea. The chemistry of the polym- 
erization is shown in Figure 1 in a simplistic manner. The reactions shown in Figure 1 show the reaction of a diisocyanate 
and a diol to make a urethane linkage and the same isocyanate reacting with a diamine to make a urea linkage. In 
alternative embodiments, the polymer may contain either the urea or the urethane linkage depending on the individual 
components used. 

[0025] The polymer composition described in this invention is synthesized from three or four individual components 
The basic building blocks for attachment are the exemplary diisocyanates shown in Figure 2. These are the preferred 
diisocyanates for the membranes of this invention, however aromatic diisocyanates can be used if appropriate care is 
used to remove ail of the toxic monomer from the final polymer. . 
[0026] Two other components are used for the final membrane polymer. The first is a silicone material (siloxane) that 
has excellent 0 2 permeability. These siloxanes do not have H 2 0 permeability so that they do not allow any glucose 
diffusion. A polydimethyl siloxane polymer with reactive endgroups is the preferred constituent of the polymer. Figure 



4 



20 



25 



30 



35 



40 



45 



50 



55 



EP 0 817 809 B1 

■* ■ 
foSST TV me P ° ,en,ial Si, ° XaneS *™ have teen ^orporated into biosensor membranes 

diamines could be substituted * rt reahzes that man y otner dio ' or 

to predict^ exact honJX^ 38 are kine,ical * « * "■«* 

easily be substituted by one skilled in the art Other short cha,n ahphatic diamines and diols could 

■■lilltii 

[0032] Polymerization was earned out in either solution or bv bulk Doivmpri^tinn in oi. ^ *t e,ecTron,cs - 
dja-na on cne,. SoWon pi**-. » oa**, «,„ ^.SS^XCSSSiE 

EXAMPLE 1 

Bulk Polymerization 
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solution was stirred continuously. The solution was then heated at 65 degrees Celsius for 4 hours during which time 
rt became increasingly viscous. The polymer was dissolved in 50 ml of hot THF and the solution was allowed to cool 
After cooling, the entire solution was poured into 5 liters of stirring Dl water. The precipitated polymer was torn into 
small pieces and dried at 50 degrees Celsius until constant weight. 

5 

EXAMPLE 2 

Solution Polymerization 

10 [0039] 1 .34 grams (8 mmole, 1 00 mole %) of dried 1 ,6 hexamethylene diisocyanate were added to a 1 00 ml 3 neck 
flask conta.nmg 20 ml of dry THF. 0.8 grams (4 mmole, 50 mole %) of dried PEG 200 were added with stirring 10 
grams (4 mmole, 50 mole %) of aminopropyl terminated polydimethyl siloxane MW 2500 were added Heatinq via 
heating mantle was started until 50 degrees Celsius was obtained. At this point about 1 5 mg of dibutyltin bis(2-ethvl- 
hexanoate) were added to the flask and the temperature rose to about 83 degrees Celsius. The mixture was heated 
at 70 degrees Celsius for 1 2 hours and cooled. During heating the solution became very viscous, enough to stop the 
mechan.cal stirrer. The cooled solution was poured into three liters of rapidly stirred Dl water and the precipitated 
polymer was washed with Dl water three times, torn into small pieces and dried at 50 degrees Celsius until constant 

. WGIQDI. 

po I0 °rt2c/^ e ^ofno f ° r ,eSti " 9 PUrP0S6S W6re 0381 Several ways - ,n some cases ' membranes were cast from THF 

h' ' ? . ?. f h ( f? VOL %) ° n, ° 9,aSS P ' ateS using a parallel arm Gardner The dried films were removed 
hydrated fully and the.r thickness measured with a micrometer. In other cases, films were cast from solution onto 
Htra .on membranes of known thickness. It is assumed in the measurements reported below that the membrane ma- 
terial completely filled the pores of the filtration membranes and that the thickness of the filtration media is the thickness 

ot the membrane. 

25 l ZVl ^ in,rared spectrum of *» P roduct of ^ple 2 showing the expected bands is shown in Figure 6 

[0042] Water pickup was measured gravimetrically, Diffusion coefficients were measured using Fick's first law of 
diffusion in a standard permeability cell (Crown Glass Co.) at 37±0.2 degrees Celsius. The polymer may absorb for 
example between 10% to 80% water at that temperature, and especially between 20% to 70%, The mathematics of 
diffusion are beyond the scope of this document however a brief outline is appropriate 

30 ySS. ., RUX r; D ^ fe ,he b3SiC diffUSi ° n equati0n - Here 0 te ^ diffusion coefficient which is a physical property 
of both the solute and the material in which it is diffusing. In other words, D is not a property of a molecule or polyme^ ■ 
but is a property of the system so the system needs to be fully described for the measurement to be put in context dc/ 
dx is the concentration gradient, dc. over the thickness of the membrane, dx. The minus sign simply denotes that' the 

35 h!ol 0 r ' S , 7h 1 6 'T" °l '° Wer concentra,io "- « mass balance is considered. Fick's second law of diffusion may 
be genera eddc/dt = D tfc/dx*. By assuming Dirichlet boundary conditions, this equation can be solved using Laplace 
transform techniques. y K 

[0044] The oxygen diffusion coefficients were measured by securing the membrane between two glass cells (Crown 
Glass) wrth a rubber gasket. Both cells were filled with phosphate buffered saline (PBS) (0.1 M NaCI. 0.05 M phosphate 
^ P H 7.4). One cell was sparged with room air (20% 0 2 assumed) and one side was sparged with HPLC grade He An 
oxygen electrode (Microelectrodes) was placed in each cell. The oxygen electrode outputs were connected to a mi- 
crocomputer controlled data acquisition system and the oxygen concentration from both cells was recorded as a func- 
tion of time. 

[0045] Glucose diffusion coefficients were obtained in a similar manner except that one side was filled with 400 mg/ 

45 r hHe thS ° ther SWe WaS fi ' led Wi,h PBS Containi "9 "Oflkicose. The concentrations of glucose 

w^s obla^ed 8 membranes were measured with a YSI glucose analyzer at 5 minute intervals until equilibrium 

[0046] The curves of concentration vs. time were inputted into a microcomputer and the diffusion coefficients were 
calculated using the entire curve. Curve fits generally had correlation coefficients (R2) better than 0 95 
so 'to" 71 Table1 belovyshowsso meoftheresultsforavarietyof polymers prepared according to the methods described 



55 



6 



EP 0 817 809 B1 



Table 1 



10 



15 



20 



25 



30 



35 



40 



45 



Five Representative Polymer Formulations 



Polymer 




2 
3 
4 
5 



Diisocyanate 



1-6 Hexamethylene 



Isophorone 
1-6 Hexamethylene 
1-6 Hexamethylene 
1-6 Hexamethylene 



Hydrophilic 



PEG 600 20% 



PEG 600 20% 
PEG 600 50% 
PEG 400 40% 
PEG 600 60 % 



Aliphatic 



DEG 60% 



DEG 50% 
None 
None 
None 



Siloxane 



Aminopropyl 20% 



Aminopropyl 30% 
Aminopropyl 50% 
Aminopropyl 60% 
Aminopropyl 40% 



[0048] Table 2 give some of the physical and chemical properties of the polymers listed above. 



Table 2 



Physical Properties of Representative Polymers 



Polymer 


Water Pickup 


D0 2 


D Glucose 






xlO^cmS/sec 


x 10' 9 cm 2 /sec 










1 


28.5 


1.21 


18.5 


2 


31.3 


0.57 


55.7 


3 


44 


1.50 


105 


4 


57 


1.22 


13.5 


5 


71 


. 1.45 


155 



[0049] A membrane made from the polymer identified as number 3 above has excellent mechanical properties as 
we las approbate oxygen and glucose diffusivities. In order to test this membrane, a prototype glucose sensor qen- 

l T rl t ™T Panym J drawin9 FIGURE 7A *>* the refere "<* n^ber 10 was built. The sensor 10 contains 
a reference electrode 12, a working electrode 14, and a counter electrode 16 deposited on a polymeric sheet 19 A 
series of bonding pads 18 complete the sensor 10. As shown in FIGURE 7B, the working electrode 14 was covered 
with a layer 20 of the enzyme glucose oxidase and the entire electrode array was coated with a layer 22 of the polymer 
11 f T,IT, T fr ° m , a 5 Wt % S0,U,i ° n ° f the P° lymer in THR 706 sensor w as connected to a commercial 
£££££ iTecZr ^ Sh ° Wn> ^ ^ 3 PO,en,ia ' 0f +06 -^tween ,he working electrodj 

iTL n^ 00 ? r T? e ' S Sh0W " in R9Ure 8 - -As Seen in Figure 6 " •» res P° nse °' the electrode system is linear 
over the physwlog^al glucose range, suggesting relative independence of local O z concentration All of the other 
polymers tested show similar behavior to the polymer identified as number 3 shown in Figure 8 and are acceptable as 
membranes for b.osensor applications. While the principles of the invention may be used in the fabrication of mem- 
branes for glucose sensors, the invention is not as limited. Indeed, the membrane in accordance with the invention 
may be used for the detection of a large number of analytes. invention 
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Claims 



1 . A homogenous polymer composition which is permeable to glucose and water and which is useful as a membrane 

I 0 l?r!Tf I comprisin9 . the reac,ion P roducts of * '^st one diisocyanate, at least one hydrophilic diol or di- 
amine, and at least one silicone material. 

2. The homogenous polymer composition of claim 1. further comprising at least one hydrophobic aliphatic diol or 

diamine in the reaction products: 
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3. The composition of claim 1 , wherein said polymer absorbs between 1 0% to 80% water, at 37 degrees Celsius. 

4. The composition of claim 1 , wherein said diisocyanate is selected from the group consisting of isophorone 1 6-hex- 
amethylene or 4,4'-methylenebis (cyclohexyl isocyanate). =*^»orone, ,o nex 

5. The composition of claim 1 . wherein said hydrophilic diol or diamine is selected from the group consisting of pol- 

S?" 6 f °? ' ^ r °P y,ene , 9,yC01 ' amin °- terminate d polyethylene glycol, amino acid esters terminated poty- 
ethylene glycol, and block copolymers of polyethylene gylcol and polypropylene glycol. 

6. The composition of claim 2, wherein said aliphatic diol or diamine is selected from a group consisting of ethylene 
gylcol, propylene glycol. 1-3 propanediol, and 1 -3 diaminopropane. emyiene 

? ' J2^ P ° 8 ^ °J C ! aim 1 ' Wherei " S3id Si ' iCOne material is se,ected from the group consisting of amino propyld- 
.methyl term.nated sHoxane. carboxy propyl-dimethoxy terminated siloxane and carbinol terminated siloxane 

8. The composition of claim 2, wherein the polymer is obtained from the reaction products of about 50 mole percent 
dnsocyanate. 5 to 45 mole percent hydrophilic diol or diamine, 5 to 45 mole percent aliphatic diol or diamine, and 
.5-40 mole percent silicone material. '■ 

9. The composition of claim 5, wherein the polyethylene glycol has an average molecular weight of 600. 

10. The composition of claim 3, wherein said polymer absorbs between 20% to 70% water at 37 degrees Celsius. 

1 1. The composition of claim 1 , wherein the hydrophilic diamine comprises silicone. 

12 ' ^.Splf bi0 f sensor | ,0 i :. me 4 f urin 9 the rea <*°" °» an analyte and oxygen, said biosensor having a biocom- 
patible membrane for controlling the permeability of analyte and oxygen to the biosensor elements, said membrane 
ITT 9 , 3 ^ homogenous polymer composition which is permeable to glucose and water comprising the reaction 
products of at least one dnsocyanate, at least one hydrophilic diol or diamine, and at least one silicone material. 

13. The biosensor of claim 12, wherein the analyte comprises glucose. 

14 ' Tn?nr°^ nSOr ^rein the homogenous polymer composition further comprises at least one aliphatic 

diol or diamine added to the reaction. ^ 

1 5 ' Tl™™,7? f 'IT 1 *' ™ herein ,he COmpnSes ,r0m 50 mote P ercer,t diisocyanate, 5 to 45 mole percent 

hydroph.Hc d,ol or diamine, 5 to 45 mole percent aliphatic diol or diamine, and 5-40 mole percent silicone material. 

16 ' an'd gtHl 30 ' ° f ° laim 12 ' Wherei " hom ° 9eneous P°'y mer """position is a * defined in any of claims 3 to 7 



Patentanspruche 

1. Eine homogene Polymerzusammensetzung, die gegenuber Glucose und Wasser permeabel ist uhd die als Mem- 
bran fur Biosensoren geeignet ist, umfassend die Produkte der Umsetzung mindestens eines Diisocyanats, min- 
destens emes hydrophilen Diols Oder Diamins und mindestens eines Siliconmaterials. 

2 ' n^TT "n Po| y me,2usammensetz "n9 nach Anspruch 1 , be! der weiter mindestens ein hydrophobes aliphatisches 
Diol oder Diamm umgesetzt wird. »a»piiauo».iio» 

3. Zusammensetzung nach Anspruch 1 , bei der das Polymer bei 37°C 1 0 % bis 80 % Wasser absorbiert. 

4 ' n a U ,T« m M nSe,2 TK 9 " aCb Anspruch 1 • bei der das Diisocyanat aus der Gruppe bestehend aus Isophorondiisocya- 
nat, 1 ,6-Hexamethylendiisocyanat und 4,4'-Methylenbis(cyclohexylisocyanat) ausgewahlt ist. 

5 " SSTT 8 ? 2 U ? 9 o"f h AnSPrUCh 1 ' bei der das hydrophi,e Dio1 Mer Diamin aus der Gruppe bestehend aus 
Polyethylenglycol, Polypropylengtycol. Polyethylenglycol mit endstandigen Aminogruppen, Polyethylenglycol mit 



8 



5 



io 



15 



25 



30 



40 



50 



55 



EP 0 817 809 B1 

endstandigen Aminosaureestern und Blockcopolymeren von Polyethylenglycol und Polypropylenglycol ausge- 
wahlt ist. 

6. Zusammensetzung nach Anspruch 2, bei der das aliphatische Diol Oder Diamin aus der Gruppe bestehend aus 
Ethylenglycol, Propylenglycol, 1 ,3-Propandiol und 1 ,3-biaminopropan ausgewahlt ist. 

7. Zusammensetzung nach Anspruch 1 , bei der das Siliconmaterial aus der Gruppe bestehend aus einem Siloxan 
mit endstandigen Aminopropyldimethylgruppen, einem Siloxan mit endstandigen Carboxypropyl-dimethoxygrup- 
pen und einem Siloxan mit endstandigen Carbinolgruppen ausgewahlt ist. 

8. Zusammensetzung nach Anspruch 2, bei der das Polymer aus den Produkten der Umsetzung von etwa 50 mol- 
% Diisocyanat, 5 bis 45 mol-% eines hydrophilen Diols oder Diamins, 5 bis 45 mol-% eines aliphatischen Diols 
Oder Diamins und 5 bis 40 mol-% eines Siliconmaterials erhalten wird. 

9. Zusammensetzung nach Anspruch 5, bei der das Polyethylenglycol ein durchschnittliches Molekulargewicht von 
600 aufweist. 



10. Zusammensetzung nach Anspruch 3, bei der das Polymer bei 37°C 20 % bis 70 % Wasser absorbiert. 
20 11. Zusammensetzung nach Anspruch 1 , bei der das hydrophile Diamin ein Silicon umfasst. 

12. Ein impiantierbarer Biosensor zur Messung der Reaktion eines Analyten und Sauerstoff, wobei der Biosensor eine 
biologisch vertragliche Membran zur Steuerung der Permeabilitat des Analyten und von Sauerstoff zu den Ele- 
menten des Biosensors aufweist, wobei die Membran eine homogene Polymerzusammensetzung umfasst, die 
gegenuber Glucose und Wasser permeabel ist und welche die Produkte der Umsetzung mindestens eines Diiso- 
cyanats, mindestens eines hydrophilen Diols oder Diamins und mindestens eines Siliconmaterials umfasst. 

13. Biosensor nach Anspruch 1 2, bei dem der Analyt Glucose umfasst. 

14. Biosensor nach Anspruch 13, bei dem die homogene Polymerzusammensetzung weiter mindestens ein aliphati- 
sches Diol oder Diamin umfasst, das der Umsetzung zugesetzt wird. 



15. ' Biosensor nach Anspruch 14, bei dem das Polymer 50 mol-% Diisocyanat, 5 bis 45 mol-% eines hydrophilen Diols 

Oder Diamins, 5 bis 45 mol-% eines aliphatischen Diols Oder Diamins und 5 bis 40 mol-% eines Siliconmaterials 
35 umfasst. . 

16. Biosensor nach Anspruch 12, bei dem die homogene Polymerzusammensetzung gemaB einem der Anspruche 3 
bis 7 und 9 bis 11 definiert ist. 



Revendications 



1. Composition homogene de polymeres, permeable au glucose et a I'eau et utilisee en tant que membrane pour 
des bio-capteurs comprenant les produits de reaction d'au moins un diisocyanate, un diol ou une diamine hydro- 
ps phile et un silicone. 

2. Composition homogene de polymeres selon la revendication 1 , comprenant par ailleurs au moins un diol ou une 
diamine aliphatique hydrophobe dans les produits de reaction. 



3. Composition selon la revendication 1 , dans laquelle ledit polymere absorbe entre 1 0 et 80 % d'eau a 37 deqres 
Celsius. 

4. Composition selon la revendication 1, dans laquelle ledit diisocyanate est selectionne dans le grouse compos§ 
d'isophorone, tf1 ,6-hexam6thylene ou 4,4'-methylene bis (isocyanatocyclohexyle). 

5. Composition selon la revendication 1, dans laquelle ledit diol ou ladite diamine hydrophile est selectionne dans 
un groupe compose de polyethylene glycol, de polypropylene glycol, de polyethylene glycol amine, de polyethylene 
glycol a terminaison d'esters d'aminoacides et de copolymeres sequences de polyethylene glycol et de polypro- 
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pylene glycol. 

6. Composition selon la revendication 2, dans laquelle ledit dipt ou ladite diamine aliphatique est selectionne dans 
un groupe compose Methylene glycol, de propylene glycol, de 1 -3 propane-diol et de 1 -3 diaminopropane. 

7. Composition selon la revendication 1, dans laquelle ledit silicone est selectionne dans le groupe compose de 
siloxane a terminaison amino propyldimethyl, de siloxane a terminaison carboyxy propyl-dimethoxy et de siloxane 
a terminaison carbinol. 

8. Composition selon la revendication 2, dans laquelle le polymere est obtenu a partir des produits de reaction d'en- 
viron 50 pour cent en mole de diisocyanate, 5 a 45 pour cent en mole de diol ou de diamine hydrophile, 5 a 45 
pour cent en mole de diol ou diamine aliphatique et 5-40 pour cent en mole de silicone. 

9. Composition selon la revendication 5, dans laquelle le polyethylene glycol presente un poids moleculaire moyen 
de 600. 

10. Composition selon la revendication 3, dans laquelle ledit polymere absorbe entre 20 et 70 % d'eau a 37 degres 
Celsius. 

11. Composition selon la revendication 1, dans laquelle la diamine hydrophile contient du silicone. 

12. Bio-capteur implantable permettant de mesurer la reaction d'une substance a analyser avec I'oxygene, ledit bio- 
capteur ayant une membrane biocompatible permettant de controler la permeabilite a la substance a analyser et 
a I'oxygene des elements du bio-capteur, ladite membrane comprenant une composition homogene de polymeres, 
laquelle est permeable au glucose et a I'eau et comprenant les produits de reaction d'au moins un diisocyanate! 
un diol ou une diamine hydrophile et uh silicone. 

13. Biocapteur selon la revendication 1 2 f dans lequel la substance a analyser contient du glucose. 

14. Bio-capteur selon la revendication 13, dans lequel la composition homogene de polymeres contient, par ailleurs, 
au moins un diol ou une diamine aliphatique ajoute(e) a la reaction: 

15. Bio-capteur selon la revendication 14, dans lequel le polymere comprend 50 pour cent en mole de diisocyanate, 
5 a 45 pour cent en mole de diol ou diamine hydrophile, 5 a 45 pour cent en mole de diol ou diamine aliphatique 
et 5-40 pour cent en mole de silicone. . 

16. Bio-capteur selon la revendication 12, dans lequel la composition homogene de polymeres est telle que definie 
dans toutes les revendications 3a7et9a11. 
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